This study analyses the self-assessment behaviour and efficiency of 163 undergraduate business students from Hungary. Using various statistical methods, the results support the hypothesis that high-achieving students are more accurate in their pre-and post-examination self-assessments, and also less likely to overestimate their performance, and, if they do so, the mean overestimation is lower than in the case of lower achieving students. The study did not find a strong difference in the tendency to self-overestimation between sexes, but in their pre-examination prediction, women seem to overestimate significantly more than men. An overall tendency among the students to overrate their own examination performance is also detected, as is a tendency to increase the accuracy of self-assessment after sitting the examination.
Introduction
The motivation to write this paper comes from the phenomenon that many tutors may experience in higher education (see, among others, Macdonald 2004) : a large number of students seem not to be able to rationally evaluate their own knowledge and preparedness for examinations. Moreover, this is an even more serious issue for the less prepared (i.e. the lower achieving) students. A significant number of papers address the problem of differences between students' self-and tutor assessment; however, some of them use the notion of self-assessment in a broader sense, involving self-directed education in the discussion (e.g. Karnilowicz 2012, 592) . Understanding how students' self-evaluation and achievement (e.g. their true preparedness) are connected -if they are at all -can help tutors and institutions to facilitate students to manage their own learning. Nicol and Macfarlane-Dick (2006) point out that students already assess their own work, thus higher education institutions could build on this ability. However, if this self-assessment is not accurate, then students may set themselves inappropriate learning goals and/or mismanage their learning efforts, which will lead to lower performance both for them and for their institution. If the lowest achieving students overestimate their future performance, then they will put too little effort into learning and will not meet their expectations and goals (moreover, if they overestimate their abilities, they may even set themselves unattainable goals). On the other hand, the objectives of students who underestimate themselves may be over-modest or they may waste time and resources on too much learning, and thus may be unable to accept other challenges or may miss other opportunities. Research has previously shown that students' self-assessment ability is learnable (e.g. Everett 1983; Pintrich 1995; Zimmerman and Schunk 2001; Ross 2006; Baartman and Ruijs 2011 ) -although there are other studies which do not support this finding, such as Fitzgerald, White, and Gruppen (2003) -pointing out which student groups are exposed to the phenomenon of inaccurate self-assessment, and to what extent it can contribute to the efficiency of higher education institutions' actions to facilitate their students' self-management.
The current study focuses its attention strictly on the measurement of higher education business students' ability to predict and evaluate their own performance in written examinations, and also the connection between this and teacher-assessed achievement in the same examination.
Review of the literature
The definition of self-assessment by Boud and Falchikov (1989, 529) is 'the involvement of learners in making judgements about their own learning, particularly about their achievements and the outcomes of their learning'. However, a broader approach encompasses not only the act of judging the performance, but also the identification of criteria or standards, and through this process, it is connected to self-directed learning (Karnilowicz 2012, 591-593) . The current study analyses only a part of the phenomenon: students' ability to predict and to evaluate their examination performance relative to their externally assessed achievement; therefore, the overview of the literature will also focus on this part.
There are at least two main directions in the research into students' self-assessment ability in the context of their abilities or achievement: the investigation of its accuracy (how strongly related it is to the tutor-assessed performance of the student) and of the tendency of students to over-or underrate themselves. The impact of other influential factors -most frequently the students' sex -on the accuracy of self over-or underestimation is also investigated in many studies.
Based on the studies reviewed in their article, Boud and Falchikov (1989) state that there is no detectable unequivocal tendency towards overestimation in student self-assessment: they reviewed 17 articles, where a general tendency to overestimate was identified and 12, where it was not. In later literature, Kruger and Dunning (1999) , Basnet et al. (2012) , and Tejeiro et al. (2012) supported the existence of such a phenomenon, while Mehrdad, Bigdeli, and Ebrahimi (2012) have found no general disposition for either under-or overestimation.
Regarding the relationship between the students' externally measured performance and the accuracy of their self-assessment, every study reviewed by the author (Boud and Falchikov 1989; Kruger and Dunning 1999; Sundström 2005; Karnilowicz 2012; Tejeiro et al. 2012 ) -with the sole exception of the study by Lynn, Holzer, and O'Neill (2006) -has concluded that higher achieving students are, on average, more accurate in their self-assessment than low achievers. Tousignant and DesMarchais (2002) , Edwards et al. (2003) , and Eva et al. (2004) also found that the pre-assignment self-predictions are less accurate than post-assignment self-evaluations. Fitzgerald, White, and Gruppen (2003) compared the self-assessment accuracy for three separate years of students and detected a relative stability over those years; however, stability in time is not supported by Baartman and Ruijs (2011) .
Unfortunately, the term accuracy was used mistakably from the measuring point of view in several of the studies cited; the accuracy of student self-assessment was conceptualised and measured as the estimated test score minus the actual test score, or, using the course grade, as the linear or non-parametric correlation of this with the actual scores (e.g. Kruger and Dunning 1999; Tousignant and DesMarchais 2002; Fitzgerald, White, and Gruppen 2003; Tejeiro et al. 2012) . In general measurement, accuracy is 'the closeness between the measurement result and the true value of the measurand' (Rabinovich 2013, 2). Hence, the mean of -or similarly the correlation with -the signed error values can conceal prediction inaccuracy (for example, when there are two predictions for values 0, −10 and 10, then the mean of the signed prediction errors is zero). In most cases, measurement should be carried out with an appropriate method that eliminates the sign of the errors before calculating their mean (e.g. absolute value and root square).
The practice in the current paper separates and analyses the 'accuracy' of selfassessment and the 'direction' of the self-assessment errors in relation to and from each other. Accuracy is defined as the absolute difference between the student-estimated and the actual test score, while direction is the positive or negative sign of the difference (distinguishing between under-or overestimation). This is necessary in order not to disguise the phenomena of students' academic abilities contributing to the self-estimation ability independently of its direction. This latter hypothesis was articulated in many of the cited papers; however, the method used to test it was occasionally inappropriate.
All the reviewed literature that has addressed the question supports without exception the idea that high-achieving students tend to overestimate their own performance less than their low-achieving fellows, and, moreover, sometimes even underestimate it (Boud and Falchikov 1989; Fitzgerald et al. 1997; Kruger and Dunning 1999; Hodges, Regehr, and Martin 2001; Lejk and Wyvill 2001; Edwards et al. 2003; Gramzow et al. 2003; Karnilowicz 2012) . According to Edwards et al. (2003) and Macdonald (2004) , there is a difference in the direction of the self-estimation errors between the two sexes: men tend to overestimate themselves more than women. However, there are several studies that could not find this kind of genderrelated effect (Boud and Falchikov 1989; Kruger and Dunning 1999; Lynn, Holzer, and O'Neill 2006; Basnet et al. 2012) .
Based on the questions and findings of the literature reviewed above, the current study forms four hypotheses: H1: Higher achieving students assess their examination results more accurately (measured with the absolute value of the assessment error) than their lower achieving fellows. This hypothesis is divided into two sub-hypotheses:
H11: Higher achieving students predict their examination results more accurately (measured with the absolute value of the pre-examination assessment error) than their lower achieving fellows.
H12: Higher achieving students evaluate their examination results more accurately (measured with the absolute value of the post-examination assessment error) than their lower achieving fellows.
H2: High-achieving students tend to over-assess their examination results less than low-achieving students.
H3: Compared to female students, males tend to overestimate their own performance more.
H4: Students tend to overrate their performance and this overrating is greater in pre-examination than in post-examination self-estimations.
Sample and method
The total sample consists of 163 business students from the University of Debrecen, Hungary, 13 of whom (2 men and 11 women) were taking part in a vocational higher education programme, the others being bachelor students at the time of the examination. Seventy bachelor students (24 men and 46 women) were studying on the Business Administration and Management and 80 (21 men and 59 women) on the International Business Economics major. The examination could be taken on one of two possible dates of the students' choice (in the middle or at the end of the semester). On the first date, two test versions (identified as A and B) were used, taken by 42 and 41 students, and four (A, B, C and D) on the second date, with 22, 19, 20 and 19 test takers. To eliminate any effect deriving from the occasional differences among the test versions, these factors are always taken into consideration as dummy variables during the analyses. All test versions had the same structure: 20 multiple-choice questions (one correct answer from four choices) and 3 calculation problems. The multiple-choice questions count for 20 points and the calculation problems for 50 in the total test score, thus the maximum score is 70. On both examination dates, the tests were written in two consecutive sessions, with the same versions in each session. Before they started their examination, students were asked to predict their total multiple-choice and total calculation scores (they estimated two numbers, one between 0 and 20 and the other between 0 and 50). To motivate them to predict more accurately, they were offered a percentage of their total test score if they estimated well (+10% on a perfect hit for both multiple-choice and calculation questions, or +5% if the estimation was within a ±1 point range). After the examination ended, they were asked again to make a new, final estimation of the same scores. In the calculation of bonus points, only the second estimation was involved, offering them a chance to correct their former prediction. From a research point of view, preexamination and post-examination assessments created a possibility to examine how well students are able to re-evaluate their knowledge during the test.
In the cases of hypotheses H1 and H2, the main tools of the statistical analysis are binary logistic regression models similar to the work of Edwards et al. (2003) , with one significant modification. Edwards and his team use a binary independent variable to indicate if the given self-assessment was made before or after the assignment, while in the current paper, pre-and post-examination data are analysed in separate models, hence the use of the original method would duplicate each student in the sample (once performing the role of a pre-examination evaluator and once that of a post-examination evaluator). As a supplementary method for testing H2, independent samples t-tests are also used to compare the terciles of the highest and lowest achieving students. Similar analyses were also frequently used in the literature referred to. The independent samples t-test is again the method selected to compare the self over-evaluation tendency of men and women (H3), and descriptive statistics, measures of association and a paired t-test have been chosen to analyse the overall tendency to overestimate (H4) and the differences between pre-and postexamination self-assessment within this (both in frequencies and means).
Results
Before testing the hypotheses, the study provides an overview of the descriptive statistics of the sample data in Table 1 , in which the reader can see how the median, mean and standard deviation values of the student pre-and post-examination selfestimations and the tutor-assigned scores are distributed by gender. Other factors (major, examination date, session and test version) have not yet been taken into consideration. Table 1 suggests that both sexes overestimated their test scores, and the overestimations were higher in the pre-than in the post-examination evaluation. The selfassessment scores of female students were higher before the test and slightly lower after it than those of their male counterparts. The average male student outperformed the average female, according to the tutor-assigned scores. The significance of these findings is studied through an examination of the hypotheses below. Table 2 contains the description of the variables used in further analysis.
Testing the H1 hypothesis H11 and H12 are tested with linear regression models, where the dependent variable is the accuracy of the students' pre-test and post-test estimations (measured by the absolute difference between the student-estimated scores and the tutor-assigned scores), while a function of the tutor-assigned test score is an independent variable (among others). The functions of MCSCORE, CPSCORE and TTSCORE are selected in order to maximise the ratio that the models can explain from the variance of the dependent variable (R 2 ). Self-assessment accuracy models are estimated for multiple-choice questions, calculation problems and the total test score independently, each in two versions. The first contains all the available independent variables (Model 1); the other is restricted to those that are significant at least on the 10% level (Model 2). Statistics of the regression models are shown in Table 3 for the pre-and in Table 4 for the post-test estimations.
According to both Model 1 and Model 2, self-predictions of multiple-choice scores are more accurate if the student is male, the test is written in the second session and the student is more prepared (that is the test earns a higher score when assessed by the tutor). Although the linear relation would also be significant, the logarithmic function of MCSCORE has a slightly stronger explanatory power, and so it is used in Table 3 . There were no significant differences in accuracy among majors and test versions. In the case of calculation problems, both Model 1 and Model 2 show a significant (at the 1% level) linear, positive connection between the accuracy of students' prediction and the tutor's assessment (better students again seem to be more accurate). In the calculation problem case, the test version also plays a role in accuracy as a situational factor, in that vocational higher education students tend to be more accurate than bachelor students. In the models of the total test score self-estimations, these latter outcomes are echoed: tutor scoring relates negatively to self-assessment mistakes, those on the vocational higher education course are more accurate, and three of the test versions were proved to facilitate a more correct estimation when compared to the others. Based on all the six regression models, the H11 hypothesis should be considered as supported, as it argues that students better at learning are better in pre-examination self-assessment as well.
In the case of post-test self-assessment, we find somewhat different outcomes (see Table 4 ). The main findings are the same for both Model 1 and Model 2, so Table 3 . Linear regression models for the pre-examination student vs. tutor assessment differences. As it contains the greatest number of cases, the IBE is omitted from the majors and the V1 is omitted from the test versions.
*p < 0.1; **p < 0.05; ***p < 0.01. Table 4 . Linear regression models for differences in the post-examination student vs. tutor assessment. change after the test scores were included in the models. As it contains the greatest number of cases, the IBE is omitted from the majors and the V1 is omitted from the test versions. *p < 0.1; **p < 0.05; ***p < 0.01. they are not explained individually. Student-estimated multiple-choice scores are again in a positive logarithmic relationship with accuracy (correlating negatively with the average number of mistakes), although the explanatory power is slightly lower than in the case of pre-examination assessment. Unlike the pre-examination self-assessment models, sex has no significant effect on accuracy, but session has. Estimation accuracy on calculation scores is significantly connected to tutor assessment via a cubic function, that decreases accuracy up to CPSCORE ≤ 11.8846, increases it when 11.8847 ≤ CPSCORE ≤ 46.6488 and decreases it again if 46.6489 ≤ CPSCORE. Among the other independent variables, only the dummy variable of vocational higher education has a significant positive relationship with accuracy. The explanatory power of both Models 1 and 2 is much lower than in the case of pre-examination predictions. For the total test score, the accuracy of self-evaluation is greater for vocational higher education students and for those who are assigned a higher score by the tutor (TTSCORE2 is significant). Both models' explanatory power is much lower again than in the pre-examination case. Although H12 is supported for MCSCORE and TTSCORE, the connection between selfassessment accuracy and students' achievement is found to be weaker after the test is taken than before. Thus, self-evaluation seems to change following the experience with the examination. For CPSCORE, H12 is not supported. According to the findings, for very low and extremely high CPSCOREs, the relation to accuracy is negative, while from low-medium to high scores, it is positive.
Hence H11 is supported and H12 is mostly supported (except for calculation scores); H1 as the hypothesis which frames them could also be mostly accepted, with the exception of calculation scores after the test writing.
Testing the H2 hypothesis Contrary to H1, which emphasised the extent of the estimation errors independently of their positive or negative sign, the second hypothesis focuses directly on the sign, asking if a higher achieving student tends to underestimate his/her own preparedness (measured with the tutor-assigned score) less or more than those who are not as ready to take the examination.
Dividing the sample into terciles by tutor's assigned multiple-choice, calculation problem or total test scores -using the independent t-test -significant differences are identified in the mean assessment errors between the first and third terciles in both the pre-and post-examination cases. For multiple-choice scores, the mean difference of the self-assessment error between the highest and the lowest achieving terciles is 4.0417 (t = 7.1121, p < 0.01) in the pre-examination case, and 3.2024 (t = 5.4203, p < 0.01) in the post-examination case. For calculation problem scores, the mean difference between the higher and lowest terciles is 10.6389 (t = 5.6589, p < 0.01) in the pre-examination case, and 4.8679 (t = 2.7975, p < 0.01) in the postexamination case. The same differences for total test scores are 11.9107 (t = 5.8298, p < 0.01) and 5.8023 (t = 3.2799, p < 0.01). This is equivalent to saying that the lowest achieving one-third of the students tend to overestimate their own performance before and after the examination. Thus, H2 is supported.
However, if one wishes to identify a purer connection between students' achievement (i.e. their score assigned by the tutor) and the likeliness to under-or overestimate their own performance, without the influence of other factors, binary Table 5 . Binary logistic regression models (pre-examination). change after the test scores were included in the models. As it contains the greatest number of cases, the IBE is omitted from the majors and the V1 is omitted from the test versions. *p < 0.1; **p < 0.05; ***p < 0.01. Table 6 . Binary logistic regression models (post-examination). change after the test scores were included in the models. As it contains the greatest number of cases, the IBE is omitted from the majors and the V1 is omitted from the test versions. *p < 0.1; **p < 0.05; ***p < 0.01.
logistic regression could be a more appropriate tool for analysis. In all constructed models (Table 5) , the dependent variable is the likeliness that a student over-assesses him/herself. Those cases where the tutor-assigned score was 0 or maximal, leaving no chance for under-or over-assessment error, are left out of the sample. Cases where the student estimated his/her own performance without error were also neglected, being unimportant for this question.
The binary logistic regression models presented in Table 5 shows a relatively good explanatory power (measured by Nagelkerke R 2 ), especially when forecasting over-and underestimations of the total test scores (last column). The squared TTSCORE is able to increase this explanatory power (the change in the Nagelkerke R 2 ) by more than 0.1 in all of the six tested models. However, while in the cases of multiple-choice or calculation problem assessments, there is a lower possibility that the better students will overestimate; in the total score case, the connection between performance and the tendency to overestimate is not linear. At lower scores (up to 44.2210), the better the tutor's assessment, the greater the chance of self-overestimations, and above a score of 44.2211, the relationship becomes negative. The explanatory power -measured by Nagelkerke R 2 -of the post-examination self-assessment models (see Table 6 ) is from 0.0293 to 0.5933 less than in the preexamination cases for multiple-choice, calculation problem and total test scores. However, the main findings remain the same (both multiple-choice and calculation problem scores affect the chance that students over-assess their own performance linearly and negatively), with the only exception that this time the likeliness of self-overestimation is a linear -and not a quadratic -function of the total test score. The H2 hypothesis is thus mostly supported by the binary logistic regression analysis, with the only exception being that in Model 2 for the pre-examination total scores, the negative relationship between self-over-assessment of total scores and TTSCORE is not supported for lower achieving students (below approximately 44 points), but only for high achievers.
Testing the H3 hypothesis
To compare the two sexes in their under-or overestimating habits in self-assessment, independent samples t-tests are used on pre-and post-examination multiple-choice, calculation problem and total test scores. Mean, median and standard deviation values for the self-evaluations and also for the tutor assessments are presented in 1981 Note: N = 163 (47 males and 116 females). *p < 0.1; **p < 0.05; ***p < 0.01. Table 8 . Pre-and post-examination frequencies of under-, accurate and overestimations. The minimum expected count for the accurate self-assessment was 1.5 for both pre-and post-examination cases. *p < 0.1; **p < 0.05; ***p < 0.01. Table 7 . Both genders overestimated their test results and, contradicting the hypothesis, the results show a significant difference between the two genders in pre-examination multiple-choice and total test scores, where female students are proven to make a greater overestimation of their performance. In all other cases, it cannot be refuted that the two sexes act indifferently. Consequently, H3 should be rejected. Table 8 convincingly supports the first part of hypothesis H4 for both genders (and thus also for the total sample), since there are far more students who over-assess than under-assess their multiple-choice, calculation problem and total test scores. It should also be noted, however, that for every gender and test-type combination, there are fewer students who underestimated their test results (by 4.08 to 4.48 percentage points) and accurately estimated them (by 0.88 to 6.87 percentage points), and more who overestimated them (by −16.36 to −6.12 percentage points) before than after the examination. These differences are statistically significant (for the association measures, see Table 8 ) in the case of calculation and total test scores, but not significant (with the only exception of the Goodman-Kruskal tau test) for the multiple-choice scores. The overall results support the H4 hypothesis.
Testing the H4 hypothesis
Besides the frequencies, the scale of under-and overestimations is also important in evaluating students' sense of reality in self-assessment. Paired t-tests are used to compare means of pre-and post-examination self-assessment errors (see Table 9 ). The overestimation is significantly lower after than before the examination for every score on the total sample, and also on the subsamples by gender, except with the multiple-choice estimation of the male students, where the mean difference is not significant, but fittingly directed (there is a lower average overestimation after than before sitting the test). Thus, H4 is supported once again. 
Conclusions
The main contribution of the analysis is to provide new empirical results from a sample of Hungarian business higher education students. The findings support the hypotheses that students with higher educational achievement are also better at both predicting (prior to an examination) and evaluating (right after an examination) their own academic performance in terms of accuracy as measured by absolute estimation errors (hypotheses H1, H11, H12). This is in accordance with the conclusions of Boud and Falchikov (1989) , Kruger and Dunning (1999) , Sundström (2005) , Tejeiro et al. (2012) , and Karnilowicz (2012) , but not with the findings of Lynn, Holzer, and O'Neill (2006) . The results also support the idea (as does the literature) that students are less likely to overestimate their own results, which means they have a more realistic attitude (H2). Edwards et al. (2003) and Macdonald (2004) identified a higher tendency to self-overestimation in the case of male students compared to their female fellows (H3). These findings are not supported by the current analysis; moreover, in some cases (pre-examination self-estimation of multiple-choice and total test scores), women seem to overestimate significantly more than men. An overall tendency of the students to overestimate their own performance is identified (supporting the results of Kruger and Dunning 1999; Basnet et al. 2012; Tejeiro et al. 2012) , as is the more marked tendency to do so before the examination, rather than right after it (H4). The latter finding echoes the results of Tousignant and DesMarchais (2002) , Edwards et al. (2003) , and Eva et al. (2004) . As an additional contribution, the article pointed out that the self-assessment accuracy and the tendency to over-or underestimate should be addressed and measured separately, otherwise the true patterns of both phenomena might remain disguised.
Since the analysed sample of students is from one programme and one year of a given university, sitting an examination in a given undergraduate subject, any generalisation of the results should be approached with caution. However, most of the findings are supported by at least some previous empirical studies; thus, in their context, the results of this paper can contribute to a better understanding of the big picture. From another point of view, the differences which presumably exist between countries, nationalities, cultures or academic areas in such a culture-dependent question as self-evaluation represent a good opportunity for further research.
